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A large outbreak of dengue virus (DV) infections occurred on Caribbean islands during 2010, with cases
peaking during the second half of the year. In conjunction with the outbreak, we observed an unprecedented
spike in the number of sera submitted for DV antibody testing between June and December 2010, with a
concomitant increase in the number of IgM-positive specimens, indicative of acute DV infection. Analysis of the
place of residence of the IgM-positive patients identified from June to December of 2010 revealed that 58.1%
were residents of Caribbean islands (Puerto Rico and the U.S. Virgin Islands), whereas 40.6% were residents
of the U.S. mainland or Hawaii. The U.S. residents represented 42 states plus the District of Columbia, but
most (53%) were from just 3 states (California, Florida, and New York). In comparison to the Caribbean
IgM-positive patient group, the U.S. IgM-positive patient group contained proportionately more adults 21 to
60 years old and fewer individuals <21 years old. These findings indicate that the 2010 Caribbean DV outbreak
affected many U.S. residents (mostly adults, presumably travelers) from diverse geographic areas and empha-
size the potential for a viremic DV-infected returning traveler to spark a local DV outbreak by introducing DV
into a community with competent mosquito vectors.

Dengue virus (DV) infections are transmitted among hu-
mans by Aedes mosquitoes (mainly Aedes aegypti) in tropical
and subtropical areas worldwide; in these areas, dengue fever
and dengue hemorrhagic fever are major public health prob-
lems (29). The World Health Organization estimates that as
many as 50 million DV infections occur annually throughout
the world (35); others estimate this number to be 100 million
(10, 21). A large DV outbreak occurred in the tropics and
subtropics of the Americas during the summer and fall of 2010,
with more than 1 million reported cases (8). One of the areas
with highest activity was the Caribbean basin, including the
U.S. territories of Puerto Rico and the U.S. Virgin Islands (7),
with more than 21,000 reported cases. DV infections are also
an important medical concern outside the tropics and subtrop-
ics, where cases in travelers returning from areas of endemicity
have been well documented (1, 6, 19, 20, 26, 31, 36). Measure-
ment of DV immunoglobulin M (IgM) is an important labo-
ratory tool for identifying individuals with recent DV infection;
DV IgM develops within 5 days of symptom onset and then
wanes to undetectable levels within a few months (10, 11, 16,
17, 34).

Although reports (4, 13, 15, 23, 24, 32, 33) have described
the role of DV IgM detection by hospital, medical center, and
public health laboratories in conjunction with regional DV
outbreaks, little information is available on DV IgM detection
in a reference laboratory setting during an outbreak. As part of
a large commercial reference laboratory system, our laboratory
performs DV antibody testing on specimens submitted from
across the United States, as well as from outside the United

States. We thus evaluated DV IgM results generated during
the 2010 DV outbreak; our goals were to determine the geo-
graphic distribution of patients with DV IgM-positive samples
and gauge the extent of DV exposure among residents of the
U.S. mainland, presumably related to international travel.

MATERIALS AND METHODS

Specimens. Sera included in the analysis were submitted by hospital, medical
center, and regional reference laboratories for DV IgM testing between January
2008 and February 2011, inclusive. No information regarding clinical symptoms,
date of disease onset, or travel history accompanied any of the specimens.

DV IgM measurement. Sera were tested for DV IgM using a laboratory-
developed IgM capture background subtraction enzyme-linked immunosorbent
assay (ELISA) as previously described (3, 9, 25, 27). Diluted control sera (in-
ternally developed), calibrator serum (internally developed), and patient sera
were added to duplicate microtiter wells coated with rabbit anti-human IgM
(Focus Diagnostics, Cypress, CA). After 1 h at room temperature (RT), the wells
were washed three times; one well per specimen then received inactivated DV
antigen (containing all 4 DV serotypes; internally developed) and the other well
received specimen diluent. After incubation for 2 h at RT and washing, all wells
received horseradish peroxidase-conjugated 6B6C antiflavivirus monoclonal an-
tibody (Focus Diagnostics). After 30 min at RT and washing, all wells received
tetramethylbenzidine (enhanced K-blue; Neogen Corp., Lexington, KY); after 10
min, the color reaction was stopped by adding sulfuric acid (Ricca Chemicals,
Arlington, TX). The absorbance at 450 nM was measured using an ELISA reader
(BioTek, Winooski, VT). The absorbance value of the well receiving specimen
diluent was subtracted from the absorbance value of the well receiving dengue
antigen, and this corrected absorbance value was then used to calculate the
index, defined as the specimen absorbance value divided by the calibrator ab-
sorbance value; indices of �1.10 were considered positive.

Determination of patient residence. Clients submitting sera that tested positive
for DV IgM were informed of the IgM-positive result and asked to provide the
place of residence for the patient supplying the serum specimen.

Statistics. Differences among proportions were assessed by Chi-square anal-
ysis using MedCalc software (Mariakerke, Belgium); significance was defined as
a P value of �0.01.
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RESULTS

As shown in Fig. 1, we observed a profound spike in the
number of specimens submitted for DV antibody testing be-
tween June and December 2010, the same time period as the
DV outbreak in the Americas (7, 8). Concomitant with this
spike in submitted specimens, there was an increase in the
number of IgM-positive samples. This 2010 seasonal increase
in the number of submitted samples and IgM-positive samples
was markedly larger than the subtle increases observed during
the summer/fall of the prior 2 years.

Analysis of the place of residence of IgM-positive patients
identified during the period from June to December of 2010
revealed that 58.1% lived on the Caribbean islands of Puerto
Rico and the U.S. Virgin Islands and 40.6% were residents of
the U.S. mainland or Hawaii; the remaining 1.3% resided in
other countries, including some countries in the Americas (Ta-
ble 1). The geographic distribution of IgM-positive patients
from the United States is shown in Fig. 2; patients were from
42 states and the District of Columbia, with the majority (379/
709 � 53%) from just 3 states (California, Florida, and New
York).

Marked differences were noted in the age distributions of
IgM-positive U.S. residents and IgM-positive Caribbean island
residents identified during the period from June to December
of 2010 (Table 2). The proportions of patients in age groups

�21 years old were significantly lower in the U.S. patient group
than in the Caribbean island patient group, whereas the pro-
portions of patients in age groups spanning 21 to 60 years were
significantly higher in the U.S. patient group than in the Ca-
ribbean island patient group.

DISCUSSION

In conjunction with the 2010 DV outbreak in the Americas
that profoundly affected Caribbean islands (7, 8), we observed
a marked increase in the number of specimens submitted to
our reference laboratory for DV antibody analysis, as well as
the number of specimens testing positive for DV IgM, a
marker of recent infection. Although subtle upward shifts in
submitted and IgM-positive sample numbers were observed in
the summer and fall of 2008 and 2009, these shifts were paltry
compared to the profound upward shift observed in 2010.

The majority of IgM-positive specimens submitted during
the outbreak period from June to December of 2010 were
supplied by patients residing in the U.S. territories of Puerto
Rico and U.S. Virgin Islands; however, a sizeable proportion
(40.6%) of IgM-positive patients resided on the U.S. mainland
or Hawaii. The close proximity of Caribbean islands to the U.S.
mainland makes it reasonable to assume that a significant
proportion of IgM-positive U.S. mainland patients were ex-

FIG. 1. Fold increases in numbers of monthly samples relative to
the number submitted during January 2008 for DV antibody testing,
and relative fold increases in numbers of IgM-positive samples segre-
gated by geographic origin.

TABLE 1. Place of residence of DV IgM-positive patients
identified from June to December of 2010

Geographic area No. of patients
(n � 1,747)

% of all
patients

U.S. mainland plus Hawaii 709 40.6
Puerto Rico 944 54.0
U.S. Virgin islands 72 4.1
Other countries of the Americasa 14 0.8
Countries outside the Americasb 8 0.5

a Bermuda, Mexico, Peru, and Venezuela.
b Guam, France, Japan, Saudi Arabia, and the United Kingdom.

FIG. 2. Geographic distribution of DV IgM-positive patients resid-
ing on the U.S. mainland. The key indicates the number of patients
from a given state. Although not shown on the map, there were 6
IgM-positive patients from Hawaii and none from Alaska.

TABLE 2. Age distribution of DV IgM-positive patients in relation
to place of residence

Age group (yr)

Value for patients residing:

On Caribbean islands
(n � 1,016)

In the United States
(n � 709)

No. of
samples

% of
total

No. of
samples

% of
totala

�10 103 10.1 34 4.8*
11–20 275 27.1 97 13.7*
21–40 236 23.3 211 29.8*
41–60 226 22.2 257 36.2*
�60 169 16.6 104 14.7
Unknown 7 0.7 6 0.8

a �, significantly different (P � 0.01) from the comparable value observed for
the Caribbean islands group.
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posed in conjunction with travel to this area. However, the
actual proportion of IgM-positive U.S. patients exposed to DV
on Caribbean islands versus other geographic areas where DV
is endemic remains unknown. Likewise, we cannot rule out the
possibility that DV IgM detection in some U.S. patients re-
flected cross-reactive antibodies induced by exposure to other
flaviviruses (e.g., Japanese encephalitis virus or yellow fever
virus) during international travel (10). We also cannot rule out
local exposure to cross-reactive flaviviruses endemic to the
United States (e.g., West Nile virus or St. Louis encephalitis
virus) (10, 12); this possibility seems unlikely, however, assum-
ing DV antibody testing was ordered based on a history of
travel outside the United States.

The differences we observed in the age distribution of DV
IgM-positive U.S. residents versus IgM-positive Caribbean is-
land residents supports the expected epidemiological differ-
ences in DV infections among travelers to areas of endemicity
versus residents of areas of endemicity. Consistent with pub-
lished findings (20, 30), more than 80% of IgM-positive U.S.
residents were adults, presumably recent travelers to destina-
tions outside the United States. In contrast, 37% of IgM-
positive residents of Caribbean islands were �21 years old,
consistent with local DV transmission among residents of an
area where DV is endemic (28).

The DV IgM-positive patients residing in the United States
exhibited a wide geographic distribution, representing 42 states
and the District of Columbia. Many of these states are also
included in the habitat range of Aedes sp. mosquitoes capable
of transmitting DV (2, 22). Patients with DV infection are
viremic for approximately 5 days after the onset of symptoms
(10, 14, 29); thus, the possibility that a recently infected re-
turning traveler may serve as the point source for a local DV
outbreak within the United States appears very real. Indeed,
this scenario may have already occurred: in 2009/2010, recent
DV infections were identified in 26 residents of Key West, FL,
who had no history of recent international travel (5). However,
the subtropical climate and presence of competent mosquito
vectors raise the possibility that DV is endemic to this area and
unknown factors triggered its recent reemergence (5).

In addition to the study limitations already mentioned, it
must be emphasized that our data only reflect the patient
populations served by medical facilities that refer specimens to
us for DV antibody testing. There were undoubtedly additional
DV IgM-positive individuals, including U.S. residents, identi-
fied by other medical center, reference, and public health lab-
oratories during the time period of the 2010 DV outbreak.
Approximately 500 cases of DV infections in U.S. residents
returning from international travel have been reported to the
Centers for Disease Control and Prevention (CDC) for 2009 to
2010 (18), but the number reported for the time period from
June to December of 2010 and the overlap with patients iden-
tified by our testing are unknown. In addition, many DV in-
fections in travelers are likely not diagnosed because the pa-
tient either does not present for medical care or the diagnosis
is not considered by the treating physician. Greater awareness
by clinicians regarding the risk of DV infection in returning
travelers with febrile illness, an understanding of appropriate
laboratory tests that aid in diagnosing DV infections, and the
utilization of reporting systems, such as ArboNET (6), are
needed to accurately ascertain the burden of DV infections

among residents of the United States and its territories. DV
infection was designated a nationally notifiable disease in the
United States in 2009 (5, 6), which should facilitate more
accurate tracking of DV-infected patients.
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